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Abstract - is

Quantum Cloud Computing (QCC)

revolutionizing computing by providing remote access to
quantum processors via cloud platforms. This study examines
breakthroughs in quantum cloud technologies from IBM,
Google, Amazon Braket, and other providers, comparing
classical and quantum workflows in terms of computational
speed, scalability, and problem-solving efficiency. It analyzes
quantum algorithms, hybrid quantum-classical models, error
mitigation  strategies, and emerging applications in
cryptography, optimization, and machine learning. The paper
also outlines future trends such as fault-tolerant quantum
computing, multi-cloud quantum collaboration, and
standardized quantum programming frameworks, emphasizing
QCC as a key driver of next-generation computational

capabilities.
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1.INTRODUCTION

Quantum Cloud Computing (QCC) enables users to access
quantum hardware and simulators remotely via cloud platforms,
democratizing quantum research and development. Unlike
classical cloud computing, QCC leverages quantum phenomena
such as superposition, entanglement, and interference to solve
problems that are intractable for classical machines. Leading
platforms include IBM Q Experience, Google Quantum Al,
Amazon Braket, and IonQ Cloud.

QCC allows researchers, developers, and enterprises to
experiment with quantum algorithms without the need to

maintain expensive quantum hardware.

It
also facilitates hybrid quantum-classical workflows, enabling
near-term quantum devices (NISQ devices) to complement
classical computing in optimization, cryptography, and machine
learning tasks. Challenges such as decoherence, noise, limited
qubit connectivity, and programming complexity still require
careful management. This paper explores recent breakthroughs,
platform comparisons, performance metrics, and emerging

applications of QCC.

2. Literature Review

Research highlights significant advancements in quantum cloud

services:

. IBM Q Experience provides access to
superconducting qubits and open-source frameworks
like Qiskit, supporting algorithm development and
educational initiatives.

. Google’s Sycamore processor demonstrates
quantum supremacy in sampling tasks and integrates
cloud APIs for algorithm testing.

. Amazon Braket offers a multi-backend
platform with both superconducting and trapped-ion
hardware, enabling  hybrid  workflows and
benchmarking studies.

. IonQ and other neutral-atom providers expand

the diversity of quantum hardware accessible via cloud.

Studies also show improvements in hybrid quantum-classical

algorithms, such as Variational Quantum Eigensolvers (VQE)

© 2025, IJSREM | https://ijsrem.com

DOI: 10.55041/IJSREM54158 |

Page 1


https://ijsrem.com/

e
¢ IJSREM

eseurna International Journal of Scientific Research in Engineering and Management (IJSREM)

W Volume: 09 Issue: 11 | Nov - 2025

SJIF Rating: 8.586 ISSN: 2582-3930

and Quantum Approximate Optimization Algorithm (QAOA),
reducing computational complexity for chemistry, optimization,
and machine learning problems. Peer-reviewed surveys indicate
that over 70% of quantum researchers rely on cloud-based
quantum platforms for prototyping, benchmarking, and

algorithmic experimentation.

3. Theoretical Background

Quantum computing principles underpinning QCC include:

3.1 Qubits: Quantum bits can exist in superposition, enabling

exponential computational states compared to classical bits.

3.2 Entanglement: Correlated qubits allow non-local

interactions, increasing parallelism and computational

efficiency.

3.3 Quantum Algorithms: Algorithms like Shor’s, Grover’s,
VQE, and QAOA solve cryptography, search, and optimization

problems faster than classical counterparts.

3.4 Hybrid Quantum-Classical Models: Near-term devices
rely on classical optimization loops combined with quantum

subroutines to solve practical problems.

Cloud infrastructure enables remote orchestration, real-time
benchmarking, and scalable access to diverse quantum

hardware.

4. Quantum Cloud Platforms and Technologies

4.1 IBM Q Experience: Provides superconducting qubits,
Qiskit SDK, and tutorials for educational and industrial

purposes.

4.2 Google Quantum Al: Features the Sycamore processor,

cloud APIs, and demonstration of quantum supremacy.

4.3 Amazon Braket: Multi-backend platform supporting

superconducting and trapped-ion devices, hybrid workflows,

and algorithm benchmarking.

4.4 TonQ Cloud: Focuses on trapped-ion qubits with high

fidelity and long coherence times.

4.5 Microsoft Azure Quantum: Offers an open ecosystem
integrating quantum simulators, hardware providers, and hybrid
frameworks.

4.6 Quantum Programming Frameworks: Qiskit, Cirq,

Braket SDK, and Pennylane allow users to design, simulate, and

deploy quantum circuits on cloud-based hardware.
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Fig -1: Quantum Cloud Computing Ecosystem

5. Methodology

This study adopts a descriptive and comparative approach:

5.1 Literature Review: Collecting peer-reviewed studies
(2020-2025) on QCC breakthroughs, benchmarking, and

applications.

5.2 Platform Categorization: Classifying platforms by
hardware type (superconducting, trapped-ion, neutral atom) and

software capabilities.
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5.3 Comparative Analysis: Evaluating classical vs. quantum
workflows on speed, computational efficiency, scalability, and

problem-solving capability.

5.4 Case Studies: Examining IBM Qiskit, Google Cirq, and

Amazon Braket hybrid workflows for performance insights.

5.5 Risk Analysis: Assessing decoherence, noise, programming

complexity, and cost using published error mitigation studies.

Table 1: Discussion & Comparison

Classical Quantum Cloud

Aspect

Computing Computing

Computational |[Bits and Boolean||Qubits, superposition,

Model logic entanglement
) Deterministic, o
Problem Solving ) Probabilistic, parallel
sequential

Limited for complex||[Exponential speedups

Speed )

problems for some algorithms

Local hardware||Remote access via
Accessibility ]

required cloud

) Classical languages||Quantum SDKs

Programming o

(C, Python) (Qiskit, Cirq, Braket)

Mature  debugging||Error mitigation &
Error Handling

tools noisy outputs

QCC represents a paradigm shift, providing remote access to
quantum processors, accelerating research, and enabling hybrid
computation for near-term applications. Ethical and security
considerations, like data privacy and algorithmic transparency,

also need attention.

8. Challenges and Limitations

8.1 Decoherence & Noise: Qubits are very delicate and can
casily lose their state if affected by heat, vibration, or
surrounding noise. When this happens, the quantum computer

gives wrong results because the qubits can’t stay stable for long.

8.2 Limited Qubit Count: Today’s quantum computers have
only a small number of working qubits. Because of this, they
can’t yet solve big or complex problems that need many qubits

working together.

8.3 Programming Complexity: Writing programs for quantum
computers is difficult because it needs special skills and
knowledge of quantum physics. Programmers must use special

tools and languages, which makes it harder than normal coding.

8.4 Cost & Scalability: Using quantum cloud services can be
expensive, especially for long or large tasks. Also, building and
maintaining quantum machines costs a lot because they need

very cold and controlled environments.

8.5 Error Mitigation: Quantum computers often make
mistakes due to unstable qubits and gate errors. Scientists are
working on ways to reduce these errors, but current solutions

make computations slower and more complicated.

3. CONCLUSIONS

Quantum Cloud Computing is transforming computational
science by providing remote access to quantum processors,
enabling hybrid quantum-classical workflows, and accelerating
research in cryptography, optimization, and machine learning.
Platforms like IBM Qiskit, Google Cirq, and Amazon Braket
showcase the potential of QCC for practical applications while
highlighting challenges such as noise, decoherence, and
programming complexity. The future of QCC lies in fault-
tolerant devices, multi-cloud integration, and Al-quantum
collaborations,

promising a new era of computational

breakthroughs.
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